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Abstract 



Provided is a tool steel which contains, by weight, C and Cr in both of which (Cr + 5.9 x C) is 9.1 to 12.5, (Cr - 4.2 x C) 
being not more than 5 and (Cr - 6.3 x C) being not less than 2.2. In addition to these elements, this tool steel preferably 
contains 0.1 to 0.6% Si, 0.1 to 1 .2% Mn, at least one of Mo and W of 0.6 to 1 .25% in total in terms of (Mo + 1/2W), less 
than 0.5% V, not more than 0.12% S, not more than 100 ppm of Ca, and the balance Fe and incidental impurities. 
Moreover, in this tool steel, the Cr segregation range in matrix after hardening is not more than 1% by weight, or the 
maximum tempering hardness by tempering at a temperature of not lower than 500 DEG C is not less than 57 HRC, or a 
size variation due to heat treatment occurring by tempering at a temperature of not lower than 500 DEG C is not more 
than 0.1% relative to the size measured just before hardening in terms of linear expansion coefficient and a size variation 
due to heat treatment by tempering at 490 DEG C is not more than 0. Provid ed is a lso a die made by tempering the steel 



of the invention to a hardness of not less than 55 HRC and cutting the steel. 
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(54) «^^cnRK»tttc«n^xAfli«J:WE-n«Av^^a 



(57) im®] 

[ff&£flt] HSft-C, (Cr+5.9XC):9. 1~12.5, (Cr- 
4. 2XC) :5£(T, (Cr-6. 3 X C) :2. 2£tJii: fc-SBWRSCSrSS 
fci-X^-ffl-CfeS. »*L<ttri^P>{r*D^. s Si:0. 1~ 
0.6%, Mn:0. 1~1. 2%, Mo*fcl*WCDlfIfc5VMi2«& Olo 
+1/2W) :0. 6~1. 25%. V:0. 5%5fciK. JEfclttSrO. 12%£tT* 
Ca:100ppm£*T, Ni:l%BlT, Al:0.6%£TFSrg-WU « 

X.Tx j^AH^WCrW^ h V v * *<II$f*I2 j aS*'ei% 

•t-af^saa^^f^j^AiaHtrssis, awsmftiF-co. met 

T-t?a»-o v 490 < CT?W«!ML-e^«!fS^^-^0JeiTTfo5 

r $ j-fsic l, §]fflApx^ff ut -vim Ufc^S-efc 

So 



6.7* 



~i — ' 




skqKskd 



C3 



QJ5m* 1 



m i i 



1.5 



1 

[flfjfrSl] St%t, (Cr + 5. 9XC) <Dm^ 
9. 1K112. 5KTi*9, (Cr-4. 2X 

C) ^S^TF"? (Cr-6. 3XC) #2. 2J&Ut££ 

[»3fcJf2] H1:%T-. (Cr + 5. 9XC) ^ 
9. 16(112. SJ&tTir^ 1 ?, (C r -4. 2X 

C) dssj^TT (Cr-6. 3XC) ^2. 2£*±t£ 
SHffiStSriSfcU Si : 0. 1-0. 6%, Mn: 
0. 1 — 1. 2%. Mo^fcttWO lgfeSVM3:2ffi& 

(Mo+l/2W) :0. 6 — 1. 25%. V:0. 5 

£5 c fc tWit«*ll(tt*J:0»«lttKfhfcl 

[Mf*S3] SI%?, (Cr + 5. 9XC) OP 
9. I«il2. 5&.Tt%*)> f)^ (C r -4. 2X 
C) *S5£ATT? (Cr-6. 3XC) ifi2. 2&L±b*£ 
■5§§&5fc£-?SfcU S i : 0. 1—0. 6%, Mn : 
0. 1~1. 2%, Mo*fcteW<Z>l«£>5V'>W:2*i£- 

(Mo+l/2W) : 0. 6~1. 2 5%, V:0. 5 
%%:ffi, S : 0. 1 2%£TF£"£-#U mU&FejsX. 

V^TO©*!**** h ta 5 r t &4TfS £ -r 5&8'U4*3 ± 

(»*«4] SI3:%T% (Cr + 5. 9xc)<Offi[^ 
9. l£Lhl2. SWTtft 1 ?, a>o (C r -4. 2X 
C) ^5WTT? (Cr-6. 3 X C) & 2 . 2£JUht£ 
•Sgl^Sr^fcL, S i : 0. 1~0. 6%. Mn : 
0. 1~1. 2%, Mo*fcttWcD l «S)-5v>fi2aSr 

(Mo + l/2W) : 0. 6~1. 2 5%> V:0. 5 
S : 0 . 12 %«T. C a : 1 0 0 p p mfilT 

[if** 5 l fi%T, Ni : lKSlTZSm-TZZ. 

[1***6] SI%"C, Al : 0. 6%etT^*i" 

o*Mtt*i J: tm&Stt K®*t,*lX ftfli. 

si%-e i %^T-e*>5 r t zftwct-rsnxm 1 

[til^Jgs] 5 0 0^±©j&jilUcJ:!K ^©*ii5 

Itn*m9] 5 o ot:j^±cr>j^MLicj; y&£.-rz>?& 
T"ea>o, 4 9 cc-ewj^MLffSi^s^^owTT 
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II»*JSio] §8**1 *v^L9«o^i*lx^<ox^-gi 
5:5 5HRCJJLk©e!£l-^«U SJPiMllXSrfT ? r £ 

[3§9itf>§£8a*ift9!] 

[0 0 0 1] 

&m^\c®.mziM>mwi*>intti.. mf, myth 

10 5Vn»* h y 5 v^ffl<O^S^lrffiffl$ix5XS^^H-r 
[0 0 0 21 

s} D D p©saf^xmw^^ssa^rogij«, xicr*, & 

20 [0 0 0 3] Cro£5^Mt-*3^T, 

*> v , mz-&. j i s g 4 4 o 4m^^T.M ! mm 

#-CJ)5SKDl ll?Wii5C-iiSC r *««5f6ffl*ilt 
[0 0 0 4] 

LTtt, «JSiJ^DXX»5rBE«IS-ti:5«*^»)^^L< 
30 ftoTltV^S, <£> 2: & t it J£S£fl?© m=*Xh 

xb&ifi&WbteV* Z:ix\z.*iVi-rz>K~Q^ CBN, = 
JEix^^LT, «fflttSrefcSLfcX*S3i: LTtt, S 

kdi lia^a^fwS^r^AD-rs^sijxA^/is^i- 

40 [0 0 0 5] SEtCl, S5^fi'J«l©a5.-C 60HRCWH 
XHmm ^mm-C<DMHiitiim^ b^^ »-c 
1^5. L*>L, *fc**fe*^DX^^mJiSm^ffi{- 
ictv^, i«e!«W©«cfi'JI4»4±IS© J: 54SKD1 

[0006] ifc, ^jB'Jti5]«. j»«a"»w«'+t)raB 
bteoT^z* ^(Dm^mm-^^t^^bwo l?>&£- 

< L*»tntf*fer» *S*fc LTtt±(fAnXX!^S:^l# 
±»fSd»fe-C*>5. SKS3l±(S^I*ffl-CSKDl 
50 i J: 9»»K:ttBfltt*»A»«:*«. «SAtt««»< ?S^A4x 
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Kfc5fc»-€r9 2S$B£L J ?>i-<fc5,, 1 980¥ 

[000 7] o£ 9 -t*v«v- S— MdSfc 9 , &*UH# 
t4# s k d i i &#--e&ft'Jtete SKS 3 XASWS 

BSKDii ti^-siftsaii^iwse^w^srt^ja 

[0 0 0 8] 

[S&II*:fl?fc:-r 5 *:«>?>#©] I89i#?>ti\ RUS^If* 
[0 0 0 9] *i\ X=a.^£M5K©«*#^8M£5££r 

[ooio] *<r>mf&. T.&m\z.&tetz-&:mt<to(o 

[0011] *&W\*. (C r + 

5. 9XC) <Z>m&9. l£l±12. 5grF£fctK 
o(Cr-4. 2 XC) >JS5eAT-e (Cr-6. 3X 
C) #2. 2£lJit^5l8^SrffifcLfcXAffl-efe 
•So »*L<fi-*vf5{C*0x., S i : 0. 1~0. 6 
%,Mn:0. 1~1. 2%, Mo£fcfiWCD lffifc£ 
VMS2ifl&- (MO + 1/2W) : 0. 6~1. 2 5%, 
V : 0. 5%*SS. SldJiS : 0. 1 2%$IT. Ca : 
lOOppmEtTSr^tU JS^F e *3 .fcU^^Iffiro 
^F^d^ifeSXASi^fcS,, Ni : 1 

%&.T. Al :0. eo^TSr^-TSX^-rfeSo 

[0 0 12] ^rLT, &A*V&tf>C rOvMJ ./^^(g 
^f4S^Hfi-e 1 %&.T. SfcM\ 5 0 O'CfiJLJi^ML 
{C,fci9^^>ftii5j^MLSI$^5 7HRCJ£A±-efc5X* 

fTfes. Mt, 5 o ot:JW±ro^«L^J; >J3i£-r 
SUS^S^^j^A^SSS, i^5I^SL-eo. 1% 
EiTT-A>o v 4 9 ottroftl L-ej^*Q.a^Th^ 0 «T 
T^SIIirfeot, r*xf>*^P^WX^5:5 5H 
RCWJbrofj!£ tjD&'MOXSrffp r £ T?f^S!L 
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[0 0 13] 

[ooi4] &nt®>m&m'p£it ; s>mwc-e* ^77^ 

h^yy- KfiOXA^-CfeSSKD 1 1 i: CUft 

10 •Slcii, «lAix^liSit&{-@^S*5fflfiKSrSKD 1 l 
5 r t &&ttftb Lfc 0 0 l telf— ^A'* 

lBSi-5®«£fekLfcP£#&£fSII3T;fc5o (A) & 
fSL9r¥-m±.<nfo%:7fr1r e mm\z (B) ^ttSKDi it 

20 [0 0 15] (A) , (B) © 2 o<Z5j&SUiS#tf)»-te> 
SKD1 1 (Difflfie-CL.*^*Pb^V^-C, 1^— $£A*li& 

gt? h y i i t^-irtsrttt 

^tl-Cfc-So L;5>U *r*vet> (C) mj.±.X-\* 
(A) , (B) i^^jauTV^W-CSKD 1 HZ&U 

3 £ LTSsAnC, C r fi&±lfT^>< a@^tfefi 
as#</iO> ^fc^^^^X^J^aMEitS;^ 

2 {cIa7P$i^TV^5*^OXft®lt?^i>5 0 

[0016] usiaa^tsw^T^cmsm* 

ttT#T*Sip, SKD 1 1 \ZZ\<Dj&X'i>mM&£i*>\ - 

[0017] z\<D?&tii!m&-jrmW)<ommm&&3\zm 

(03 (A) •Cttirp'v^^ KriMffttiL-C^ifc^ffc 
CW*^«<0{Sia{B!) (13 (B) «) (0 3 

(O m -c±(cer5 2oomfiHw,ts. (gfa«yT-« 
<o, &mmfo7bm$L-rZo a^ei 9 tiiifaiBO-ctiM, 

50 yf^ h^igCi^g;TLti4>< fcfe. HX^flgftd* 



5 

cools] r© (a) , (b) , (o <Dmm*m^^ 

TSKD1 wmZZmft\,tefrh (B) , (C) P..1T 

m^skdi i \£i8i®utL-fz*&m<o&m<Dm%.tez. 

r{-$>-5 0 *:©£:«>, SKD1 1 ©£g-g-&7c3s©C, 
CrfcttT£<, @3(ct7P$ixr^-5<fc 5*. 
#W K*ftUSr^i-5S i, M,C Sl M„C,^ 
ft;^«fttJ*Sl^l-r5Mo. W©g:Sfl;t>fToTV^ 0 

[0019] *fc, *$S9iroj&#^TttWtfclig@-t-e 

tt— &&{t^2S B 1.tiJUgv^#ttTfc3fc«>, 

@, fc-SV^il 1 0 0~1 4 0 O'Cej^&ftj&S&SrfT 

[0020] rhcitt, sas^ici-sfaaasia^i-o 

f£fflSr&i*Lfc„ S Sfflias 0. l 2%4rSi 

tir«>j:Xe«««i^o^, ^©MSiasgsAD-Sr^- 
JB-f-.&«WfiJ«»3KTtt, JKWBaaE-+ttlBJB»S*iJllV'»rfc 
— #, iA»»trrm««ft;»a«*v'»;fc 

-+©4>ftv>0. 1 2%«T«^MfiKI-PSi--5^^ 5 fc 
[0 0 2 1] *4S9I©*Ma9 • *a5ttJH4fcoi^ 

pvd, cvD«ia*ss>5*s, rct-CMIftttrottS 

mm\t, i o o o^m&<Dvm-eis.{t£tiitf3tm7c$i& 

[00 22] otO, ?&&ate©tt«fi<Jlf«lT*>3&A 
#4t5t©T?fc5^ HAtittroM^SKDl IK 

KD l l tm**«Mti:i-5r fc*sx«±«)*J«ttSras 
ftStU, vHly^^CC, CrMSrSKDl 1 

t£>5„ skdi u-tmom&ito'Pte^&kLT-y— 

[0 0 2 3] SKDI l*««J»«aaS-+»tt4r#-*-5© 
&5£fl:«3fi, 2jfc«ft«?lwi3r5»«d— ^t^W I-© 
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[0 0 2 4] Li»U C r T|Bl«fc8b*£fflofc®£\ 
7U?i/aTA'fyf'f Ktfiwjg- < ?>7S»l-M,C s f?©C 

S«B«ff B«r»M-C# . rMSSKDl 1 ©<£S&&3£ 

-<H£©ikh-c*>£. rRW8.s«^ttt5»*asBtr©ftJi»fj!nix 

10 ©St9 L5©fiS:&*i-5fc»ttffltttra«l, ini|g$s 
£fc&-T 5 t £ o TV ^5. 

[0 0 2 5] Vv**Hfc*i, @i&C, CrMSKDl 

irfcCSKDl 1 i*fflJiBI— i****«Mti:**. 

^c±!>skd 1 1 tifi— ^T©a«as^rig^**fc 
©, asftusiPSa* h©***-e*fl:f:fT*.<&. 

[0 0 26] CVD«Sf©affi«!.aJaST©*— 

20 fls-g-4& (Tic, vci?) ©t*cis-es>5, 
: &©Siifif*affi«!!aa*i-^-**SHtr©^^^i'-'< 

©BSfCfiiSSO. 4%^±SrS)5feLTV>5©T+^*fiK 
BldS-srfiBT&S. mf>('S^T. 

So 

[0 0 2 7] C, CrliSKDl 1 t ©«£ltt, J&AH 
30 m«>Mr«Mk1feS^5 (mass%) BTiV^ftHi' 
<b. Hi, Bl2i:#LfcS«S:t^lTV^, AfttfjK: 
til 0 0 0t;*»6 10 5 o x^<DmAft\M.'&<Dm$& c P \z 
T, J: SH-*-C*H*©*ft»© 

#&fi#5 (mass%) EiTTfeS ^1 1 *S*B4tt©lAl±lC 

[0 0 2 8] SKD1 l©8&ftyi«M4W:, mZMLMM 
#49 0^T©1K#Ttt£E®;£ftT©{&&agE^a^ 
-f-J-^iftO, tiiiV^jiiL^T«:7' , 7 al- 

ec's o„ r©4 9 OTCfcHHSV^I 

40 Lia^T©ft^C©f%«!fafE^a* s 0. l'%£rFT7*7* 

i«T5 7~6 OHRC©0!$§:5S«m5l5SS&*aS^t 
##£^-■5 fc v > o MR t TV > 5. 
[0 0 2 9] m&tr-t-^TOWK^WSfilflESA^K 
*siai, 2Jc*Lfc«»*tv^5rfct;i*5. 4 9 0"C 

T«va-f-5 i: , t*rdv©^T^-r^«va^^ 5 ifn|r 
50 |ci5^tt5*&3&i&i&«&f*TlLv->;ef r i: *s^TI8(c:* 
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So 

[0 0 3 01 Si fcS*Ml-»iSKD 1 1 (S i =0. 
2 5 (mass%) ) t wSffiH±%S*l-ia« 

ttt^-fbi-Sfcfto. 1 %^±j55^1|-Cfo5o — i§ 

5 0 0-5 5 0 tWj&jR LS^ffKlffliS^^*: t < £ 
•5WBi#5o rcfcft, S i©^fili, 0. 1 ~ 
0. 6%i:L-fc. 

[00 3 1) Mnti*Wtl4SKDH (Mn = 0. 

4 (mass%) ) t roUffitttSrS*!::^ LTV^o Mn 
tt, «!Att(S]±<^fc»{c^*-rS*s, 0. 1%*SS"C»* 

mm. -* hv ?9 x.<r>&ftumh&^<*£z>w. o. 

1 — 1. 2%£Lfc 0 fcfcU Mnttil&ffi&C r^Mo 

[00 3 2] MoiSitWtSKDl 1 (Mo=0. 8 

5 (mass%) ) t I^TfeS £ t LT^S, M 
ofcitfWtej&Atefcft-h-rSo ilL^ililgi 

roiasasffimii^So wois^aiiMo(73iKi2flst?fc-5 

fc«>. Mo l %©^*tliW2 LV^I 
&*U (Mo + l/2W) ML-?Z:<Dl&$k*&-r^b& 
^ItgT?fc5o '^KtliMo, Wtf> 1 2 «Sr£ 

**-erSr ir^Tt, o*9, M o <D<£^&m.% 2 

^S-rswfi('g#lft^fflU-ct>J:v\ (Mo + l 
/2W) fiT^^j£#£&*LT<£?A>figi&{4£ 

U— a^— Ktt£#-ft; $ -arS <DX'M o Srinx -5 WdSfcF* 

[0033] (MO + 1/2W) W^PSdS 0 . 6 

v/wfyf-f h^roj^fb^Wm • @£i£il?£;**5 o 
o~5 5 oxzT-<ommi,-em%i ! m$£- ! f&*.% < 4ot 

iaR¥*^-a**£i-5fc«>. 0. 6-1. 2 5%iL 
fc„ $?*L<ti:0. 6~1. 1 0%tfc5„ 
[0 0 3 4] *»9!©IJUP1W:, *(DtiL&i£> hfrZ>%)$k 
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S#«J{£I*SKD 1 1 (V=0. 2 5 (mass%) ) tW\ 

mc-fZ r £ Lfc. vi*xASilc ! &g£®c{tj& 

0LS^li^:$-l4r57c^-C*> , ?. ff* Lv^flrSfiO. 05 

■5HHt*5C0T% 0. 5%&ffi£ Lfc 0 
[0 0 3 5] S«. Bfe{t7c3ltf>ft*i: LTiSgL 

fcfc®m&mbv®&*fa±£itx\'^ftmm 

10 #itLT, 0. 1 2%*-e*P)ff5g$ix5 0 ilE 
<Z>3&J&&#5 LV >^*TStt 0.0 0 5 %&L±X'h 

SEt-»*L<«0. 0 2%£JLtrfc5„ 
[0 0 3 6] C a IS. *i«c«J{4®^{ST^iffl^W|fg5r 

< » 8sJ!in8»lf± 1 0 0 p P mSS*T?dS^«Wft^w- 
-</H?fc5o ±fero3yil£#5U:$F4L<ra:l 0 

20 p p mJ^±-efe5. 

[0 0 3 7] -?:«><lii> #±3gtt. **W©IJUIIfc:&tt 
3&SiJte&ffl±-r5gffj<z><bi:tt:0. 2 %J61T<E>^*a 5 
Wffi-CfcSo *fc^iB^f*&tf>fSl:teO. 5%WTdS 
LV\ fcfc U SStt • S£8H4as&g* h N i I* 1 % 
HT« $?*L<fiO. 0 1~1%SS*DU, 
a*XK£Kft»6- A 1 0 . 6 %£AT, * L < tt 0 . 
01~0. 6%^JPLT, ^{b^$S:-htfS-t t^Iflg 
Tfc^o AD^.T, *:<7>]tL-%.#>bfrZ9)%z\z.m\,X. P 
b, Se, Te % Bi, In, Be, Ce. Zr, Ti 

30 ©H©lt4fcli2l«±&0. 2%«T*e>^*TL 

[0 0 3 8] ^*J, *^roM*-5l6]-h»C 
T, jKAtvtt^^S^biKlSSSr 5 (nass%) SiTi: 

m3k<r>m&K. lio ot:JeA±-e 1 ~ 1 o «f^SI©M 

?&@@feSr^i-5 r t x"b&xfrmm<r>j!tmmmm. 

*5 (mass%) £AT k^Z r. t d5t?# 5 0 AflxT, j^A 
M©C r O-v h V v V ^<BW4sSrKa%T 1 %«TId 

[0 0 3 9] Wi^^fc^W^XSSi-Cfcixtt-, ffi 
ttfc^t4Wf+4-{^BxT> '«©SKD1 lt|B]^03 
^S^-Cfe-S 1 0 0 0-1 0 5 0 < Cd»6Wj^A4x, 
5 0 Ot£l±(75j^M LJCioTt 5 7HRCKi±OfiSI$ 
aS«ft^-C^5o -t Lt> ^<D5 7HRC&L±<Dm$\CX 
50 ffiixfcWJttroilfiJtlcADX, m^ft^CVD^iSt^o 
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[oo4o] *&w<njLmmZ'&mmz8im Ltz 

i-ixtfj:v\ ^x.tf#389!e>Ift#l£ 5 5 HRCEll© 
[0 0 4 1 1 
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mmm 1 ) iook g Lr$m 

£fgfi?U 3cl K^1-{fc#iffl^£r#Lfc--('^:*:y h£f£ 
SiLfco *Jb\ Itlil^lttSKDl lffi^lt-CfcSo & 

8 5 0 < C-e4^ra««f^ifiSr^iSLfc„ 
[0 0 4 2] 
[Si] 







C 


S i 


Mn 


S 


Cr 


Mo W 


V N i A 1 


C a (ppn) 


Fe 




1 


0. 43 


0.4O 
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